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(57) Abstract 



A process for the microbiological or enzymatic hydrolytic resolution of racemic rrart^2^alkoxycarbonylemylHactams of formula 
(I) wherein R is C1-C7 alkyl, 2,2,2-trifiuorbethyl or methoxyethoxyethyi and RL is hydrogen or a protecting group is disclosed whereby 
an optically enriched compound of formula (ib) or (Ila) is obtained. 
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RESOLUTION OF TRANS-2>fALK6XYCARBONYLETHYL^ 
10 LACTAMS USiFUL IN THE SYNTHESIS OF 1^4-FLUOFiO* 
PHENYL^-3iR^ 
PROP^ 



BACKGROUND OF THE INVENTION 
15 Trans-2T(alkoxycarbonylethyl)!actarns and frans-2-(carb6xy^ 

ethyl)lactams arei intermediates in the synthesis of 1-(4-fluordphenyl)- 
3(R) -[3(S)-hydm^ 

2-azetidihone, a cholesterol lowering agent disclosed in US 5,76fv11i5, 
U.S. Patent 5,61 8;7Q7 discloses stereoselective microbial 
20 reduction of a keto intermediate (4-(4-fluoro-ben2oyi)butyric acid br a 
phenyloxazblidinpne conjugate thereof) to the corresponding hydroxy 
intermediate used in the preparattion of the azetidinone. Preferred 
microorganisms used in the process are Zygosaccharomyces bailii or 
Schizo$acphardrt}^ 

25 

SUMMARY OF THE INVENTION 

The process of the present invention relates to microbiological or 
enzymatic hydrolytic resolution of a racemic trans -2-(alkoxycarb6nyl- 
ethyl) lactam of the formula I: 



30 




WO 00/20623 



PCT/US99/21436 



-2- 



wherein R is C1-C7 alkyl, 2,2,2-trifluoroethyl or methoxyethoxyethyl and 
R 1 is hydrogen or a protecting group selected from the group consisting 
of benzyl, trimethylsilyl, t-butyldimethylsilyl (TBDMS) and acetyl, to 
obtain an optically enriched compound of the formula lb or Ha: 





5 (3R,4S)-lb (3R,4S)-Ha 

When a carboxylic acid ester of formula lb is obtained, the 
process further comprises hydrolysis of the resulting compound of 
formula lb to obtain an acid of formula |la. The resulting 3R.4S lactam 

10 acid is useful as an intermediate in tM preparation of 1-(4- 

fluorophenyl)-3(R) -[3(S)-hydroxy-3-(4-flUorophenyl)propyl)]-4(S)-(4- 
hydroxyphenyl)-2-azetidinone. 

The resolution comprises the use of microorganisms (obtained 
from environmental sources and culture collections, e.g., the American 

15 Type Culture Collection (ATCC)) in medium, medium and buffer, 

medium and solvent, or medium and a mixture of buffer and solvent, or 
the use of enzymes in buffer, solvent or a mixture thereof, to which a 
faeemic trans-2-(alkoxycarbonylethyl)lactam is added so that a 
compound having an ester or acid group of desired stereochemistry can 

20 *>e formed, accumulated and isolated. The resolution is either direct or 
subtractive, depending oh the microorganism or enzyme used. 

Microorganisms selected from the group consisting of the 
following genera have been found to be useful in the direct resolution: 
Aspergillus, Bacillus, Candida, Cunninghamella, Debaryomyces, 

25 Mycobacterium, Paecilomyces, Pehicilliunii Rhodobacter, Streptomyces 
andTrichothecium. The following species of the above genera are 
preferred: Aspergillus alliaceus, niger, niveus and terreus; Bacillus 
sphaericus; Candida parapsilosis and rugosa; Cunninghamella 
homothallica; Debaryomyces hansenii; Mycobacterium fortuitum; 

30 Paecilomyces marquandii; Penicillium implicatum; Rhodobacter 
sphaeroides; Streptomyces spectabilis; and Trichothecium roseum. 
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Microorganisms selected from the group consisting of the 
following genera have been found to be useful in the subtractive 
resolution: Comamonas, Curyularia, Mucor, Nocardia and 
Rhodococcus. The following species of the above genera are preferred: 
5 Comamonas testosteroni; Curvularia brachyspora and geniculata; 
Mucor circinelloides and racemosus; Nocardia corallina; and 
Rhodococcus erythropolis, rhodochrous and species. 

Commercially available enzymes suitable for use in the resolution 
of this invention include Amanb Lipase D [Rhizopus delemai); Amano 
1 0 Lipase FAP-15 (Rhizopus javanicus); Amano Lipase MAP-1 0 (Muc&f 
javanicus); Amano Lipase N (Rhizopus niveus); Interspex Bacterial 
Esterase/Lipase BE 1 -Supported (Pseudqmdnas mandocino); Nagas^ 
Lipase (Rhizopus ja Novo SP 525 {Candida antarctic^, • 

type B); toybbo Lipoprotein lipase LpL-701 and LPL-311, type A " 
1 5 (Pseudomonas spj; Seikagaki Lipase Kinzi & 

Payne Lipase WT (Rhizopus sp,); Svedas Lipase (Rhizopus oryzeity 
Sawa Lipase A-10 ^ and LIP 301 

(Pseudomonas sp.); Boehringer-Mannheim Chirazyme™ L2 (Candid? ; 
antarctica lipase, type B); Boehnnger^Mannheim Chirazyme™ L4 and 
20 L6 (Pseudomonas sp); Interspex Lipase/Esterase ICS-T6-FL1 Fungal 
(Rhizopus oryzae); Fluka Lipase (Aspergillus nigef); Toyobo LIP- 
300/301 and LIP-321 {Pseudomonas sp.); Toyobo Lipoprotein lipase 
LPL 31 1 type A(Pseudomohas spfr Novo Lipozyme IM-60 (Mucor • 
miehei); and Sigma Lipase Type XI (Rhtidpus arrhizus). 

Preferred enzymes are hydrolases of Pseudomonas sp. (Toyobb; 
LPL 31 1 Type A, Toyobo LiP-301 /LIP 300, Toyobo LPL 701 , Boehringer- 
Mannheim Chirazyme™ L6). 

In particular, the present invention relates to direct resolution of 
trans-1-(4-fluorpphenyl)^ 
30 phenyl)-2-azetidinone comprising adding said compound to a micro- 
organism in medium, medium and buffer, medium and solvent, or 
medium and a mixture of buffer and solvent, especially wherein the 
microorganism is Aspergillus terreus or alliaceus, or Candida 
parapsilosis, incubating the resulting mixture, and isolating a compound 
of the formula Ha 
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10 



HOO' 




N: 



O 

(3R,4S)-lla 
wherein R1 is as defined above. 

In particular, the present invention also relates to subtractive 
resolution of trans-1 -(4-fluorophenyl)-3-(alkoxycarbonylethyl)]-4(S)-(4- 
hydroxy-phenyl)-2-azetidinone comprising adding said compound to a 
microorganism in medium, medium and buffer, medium and solvent, or 
medium and a mixture of buffer and solvent, especially wherein the 
microorganism is Rhodococcus rhodochrous or Rhodococcus species, 
or to an enzyme in a solvent, buffer or a mixture thereof, especially 
wherein the enzyme is a hydrolase irom Pseuddmohas sp., incubating 
the resulting mixture, and isolating a compound of the formula lb: 

R00C -^v 

. — N 

(3R,4S)-lb 

wherein R and R1 are as defined above. The compound of formula lb is 
then hydrolysed to remove the carboxylic acid ester group, R, to obtain a 
15 compound of formula lla. 

DETAILED DRSGRIPTIOM 

The hydroiytic resolution of the present invention is summarized 
in the following reaction scheme: 
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This scheme shows a method for performing a direct hydrolysis 
using a microorg&nism or enzyme, where racemic lactam ester I is 
5 hydrolyzed to generate ehantiomerically enriched acid (3R,4S)-lla which 
is easily separated from unreacted carboxylic acid ester (3S,4fiHa; - 
Alternatively* a subtractive resolution of racemic lactam ester I yields acid 
lib and enarttiomeriCally enriched carboxylic acid ester (3R,4S)-lb which 
is subsequently hydrolyzed to generate (3R,4S)-lla. The enantiomerically 
10 enriched (3R,4S)-lla is subsequently used to synthesize 1 -(4-fluoro- 

phenyl)3(R)-[3(S)-hydroxy-3-(4-fluorophenyl)propyl)]-4(S)-(4-hydroxy- 
phenyl)-2-azetidinone using procedures known in the art, for example by 
converting the acid of formula Ha to the corresponding acid chloride, 
reacting the acid chloride with a 4-fluorophenyl derivative, and reducing 
1 5 the ketone to the alcohol as described in Method H of 5,767, 115. 
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The hydrolytic resolution is carried out by adding a racemic trans- 
2-(alkoxycarbonylethyl) lactam I to medium, medium and buffer, medium 
and solvent, or medium and a mixture of buffer and solvent containing 
microorganisms, or to solvent, buffer, or a mixture thereof, containing 
5 enzymes. The bioconversion may be conducted at temperatures in the 
Hinge from between about 20°C to about 40°C; the microbial reaction is 
preferably conducted at ambient temperature to 30°C and the enzymatic 
reaction is preferably conducted at ambient temperature to 37°C. The 
initial pH value of the reaction is adjusted to be in the range from 

10 between about pH 5.0 to about 9.0, preferably pH 7.0. 

The initial concentration of racemic trans lactam ester I in the 
microbial reaction may vary from between about 0.5 g/l to about 5 g/l, 
and is preferably 0.5 g/l. The duration of the microbial hydrolysis may ; .V 
vary from about 18 to about 96 hours, and is preferably about 48 hours. 

15 The initial concentration of trans lactam ester I in the enzyme 

mediated reaction may vary from between about 5 mg/ml to about 200 
mg/mi, and is preferably 25 mg/ml. The duration of the enzymatic 
hydrolysis may vary from about 24 to about 192 hours. 

Suitable fermentation media, buffers and solvents are known to 

20 those skilled in the art. Fermentation media typically coritaina carbon 
and nitrogen source or mixtures thereof, using such ingredients as yeast 
extract, nutrient broth, dextrose (cerelose), white potato dextrin, soy flour, 
peptone and other components known in the art. Typical buffers are 
phosphate buffer (e,g., 0.1 Mat pH 7), MES (2-[N-morphojino]ethahe- 

25 sulfonic acid), Bis-tris (bis[2-hydroxyethyniminotris[hydroxymethyl]- 

niethane), PIPES (1 ,4-piperazine-diethanesulfonic acid), HEPES (N-[2r 
hydroxyethyJlpiperazine-N'-^-ethanesulfonic acid]), TRIS (tris(hydroxy- 
methyl)aminomethane) and MOPS (3-[N-morpholino]propanesulfonic 
acid) buffer (e.g., 0.1 M at pH 7). Typical solvents are acetonitrile, 

30; acetone, ethyl ether, isopropanol, t-butanol, isoamyl alcohol, p-dioxane, 
isopropyl ether, dimethyl sulfoxide, t-butyl methyl ether (TBME), toluene, 
tetrahydrofuran and CH 2 CI 2 . Preferably, the microbial resolutions are 
carried out in fermentation media, and the enzymatic resolutions 
preferably are carried out in a buffer with a co-solvent; a preferred co- 

35 solvent for enzymatic resolutions is TBME. 
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At the end of the hydrolysis, optically enriched acids or esters 
may be extracted using organic solvents such as ethyl acetate (EtOAc), 
TBME, GH2CI2 and the like. Adsorption to resins, chromatography, and 
other physical methods known in the art may also be used for the 
5 isolation of optically enriched acids or esters. 

The carboxylic acid ester of formula lb can be hydrolysed to the 
corresponding acid of formula I la using methods well known in the art, 
for example by treatment with a suitable base, e.g., LiOH, as described 
in US 5,767,115. 
10 The examples below demonstrate the evaluation of 

microorganisms and enzymes in the hydrolysis of this invention and the 
preparation of milligram quantities of cpmppunds of formulas Ha and lb. 

Example 1 

15 The general method fqr identifying the microbial hydrolysis of 

racemic trans lactam methyl ester I for use in generating acid I la is 
described below. 

Seed cultures of yeast, filamentous fungi, and bacteria were 
grown in 1 25 ml or 300 ml flasks containing 25 ml or 50 ml of YPD (1 % 

20 yeast extract, 2% peptone, 2% de^rb3e; pH 5;5) V SIM6 (3.5% soy flour, 
5% white potato dextrin, 0.5% cerelose, 2mg/l cobalt chloride, 0.5% 
calcium carbonate; pH 6.0 ) and NYC (0.8% nutrient broth, 2% yeast 
extract, 2% cerelose; pH 7.0) media respectively, for 72 hours at 30°C 
with agitation (1 75-250 rpm) prior to inoculation (4 % v/v) into flask 

25 fermentations (25ml YPD/125 ml flask for yeast and filamentous fungi or 
25ml NYC /1 25 ml flask for bacteria) which were incubated at 30°G with 
agitation (250 rpm). In all fermentations, medium pH was adjusted prior 
to inoculation but was not controlled during culture propagation and 
substrate hydrolysis. Microbial resolution was initiated by adding 0.5 g/l 

30 of racemic trans lactam methyl ester I dissolved in ethanol (25 mg/ml), 
directly to cultures following 24 hours of growth. Samples of 
fermentation broth were extracted with TBME following 24-72 hours 
incubation with substrate and were analyzed by reverse-phase HPLC. 
Preferred cultures demonstrating selective hydrolysis generating acid Ha 

35 are summarized in Table 1 . 
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Table 1: Direct resolution of racemic trans lactam methyl esters using 



Culture 


Strain # 
(ATCC) 


Substrate 


Product 


% ee 


% 
Yield 


A. terreus 


10020 
20542 
24839 


benzyl 
protected 
racemate I 


benzyl protected 
lla: (3R.4S) acid 


100 

91 

91 


9 

23 
35 


Penieillium 
implicatum 


SPR 
938* 


benzyl 
protected 
racemate I 


benzyl protected 
lla: (3R.4S) acid 


100 


6 


Aspergillus 
niger 


9029 


unprotected 
racemate I 


lla: (3R.4S) acid 


100 


14 ; 


Aspergillus 
alliaceus 


1024 


unprotected 
racemate I 


lla: (3R.4S) acid 


100 


29 


Candida 
parapsilosis 


7330 
16632 
22019 
34078 


unprotected 
racemate I 


lla: (3R.4S) acid 


100 
100 
100 
100 


29 
26 
28 
20 


Candida 
rugosa 


14830 


unprotected 
racemate I 


lla: (3R.4S) acid 


100 


20 
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10 



15 



20 



Example 2 

Milligram quantities of acid lla derived from the microbial 
hydrolysis of benzyl protected racemic trans lactam methyl ester I was 
prepared as described below. 

Microbial resolution of methyl ester I (0.5 g/l) to generate acid lla 
was conducted as described in Examplel using multiple flask 
fermentations employing Aspergillus terreus strain ATCC # 24839. - ; 
Following 48 hours of incubation, fermentation broths of each of the 
cultures were pooled prior to centrifugation to separate the cells from the 
fermentation broth. Cell pellets were pulverized in liquid nitrogen using 
a mortar and pestle prior to three sequential extractions with TBME (1-2 
volurhes/wet Weight). Fermentation broth was extracted separately with 
TBME. The TBME extracts contained both the (3R,4S)-acid and the 
(3S,4R)-ester, each in >99% enantiomeric excess. Anhydrous MgSOt 
was added to the TBME extracts to remove residual water, the extracts 
were filtered and the filtrate concentrated by evaporation. Extract 
concentrate was subjected to purification by preparative thin layer 
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chromatography employing multiple! 0-20 GF silica plates 

(20emX20cmX1000 micron) and developed with a solution of EtOAc: 

hexane (50:50). Material comigrating with the desired product was 

scraped from each of the silica plates, pooled and eluted from the silica 

5 with TBME. The eluate was evaporated to yield the (3R,4S)-acid lla: 

r 125 

170 mg, 17% yield; 86% enantiomeric excess; 1*4) =-13.0° 
(c = 0.123, ethanol). 

Example 3 

The general method for jd0nti^jhg niicrobial resolution of 

10 benzyl protected racemic trans laetai^ rrtetNyl ester I for use in 
generating ester lb is described below: 

Seed cultures of yeast, filamentous fungi, and bacteria were 
grown in 125 ml or 300 ml flasks containing 25 ml or 50 ml of YPD (1% 
yeast extract, 2% peptone, 2% dextrin; pH 5.5), SIM6 (3.5% soy flour, 

15 5% white potato dextrose, 0.5% ceirelosey ^rrlg/l cobalt dhlorlde, 0.5% 
pkleium carbonate; pH 6.0 ) and broth, 2% yeast 

extract, 2% cerelose; pH 7.0) media respectively, for 72 hours at 30°C 
with agitation (1 75-250 rprri) prior to inoculation (4 % v/v) into flask 
fermentations (25ml YPD/125 ml flask for yeast and filamentous fungi or 

20 25ml NYC /1 25 ml flask for bacteria) which were incubated at 30°C with 
agitation (250 rpm). In all fermentations, medium pH was adjusted prior 
to inoculation but was not controlled during culture propagation and 
substrate hydrolysis. Microbial resdlutibn was initiated by adding 0.5 g/l 
of r^eemic trans lactam methyl ©aerl^fesolved in ethanol (25 mg/ml), 

25 directly to cultures following 24 hbur$ 6f grow^. Samples of 
fermentation broth extracted with t^ME following 24-72 hours 
incubation with substrate were analyzed by reverse-phase HPLC. 
Cultures yielding optically enriched ester lb are summarized in Table 2. 
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Table 2: Subtractive resolution of racemic trans lactam methyl esters 
using microorganisms 



Culture 


Strain # 
(ATCC) 


Substrate 


Product 
(methylester) 


| % ee 


% 

Yield 


R. erythropolis 


4277 
11048 
19369 


hifin7vl 
protected 
racematei 


protected 
lb:(3R,4S) 


1 UU 

100 
100 


17 
17 
11 


R. rhodochrous 


29670 
19150 
29675 


benzyl 
protected 
racemate 1 


benzyl 
protected 
lb:(3R,4S) 


100 
100 
100 


30 
22 
24 


R. species 


19148 
19071 


benzyl 
protected 
racemate 1 


benzyl 
protected 
lb:(3R,4S) 


100 
100 


31 
31 


C. testosterohi 


33083 


benzyl 
protected 
racemate 1 


benzyl 
protected 
lb: (3R,4S) 


100 


12 


N. corallina 


31338 


benzyl 
protected 
racemate 1 


benzyl 
protected 
lb: (3R,4S) 


100 


11 



Example 4 

5 Milligram quantities of methyl ester lb derived from the hydrolysis 

of benzyl protected racemic trans lactam methyl ester I (0.5 g/l) was 
prepared as described in Example 3 using multiple flask fermentations 
employing Rhodococcus species ATCG # 19071 . Following 48 hours 
of incubation, fermentation broths of each of the flasks were pooled prior 

10 t0 centrifugation to separate the cells from the fermentation broth. Cell 
pellets were disrupted by sonication prior to three sequential extractions 
with TBME (1 -2 volumes/wet weight). Fermentation broth was extracted 
separately with TBME. Anhydrous MgS0 4 was added to the TBME 
extracts to remove residual water, the extracts were filtered and the 

1 5 filtrate concentrated by evaporation. Extract concentrate was subjected 
to purification by preparative thin layer chromatography employing 
multiple10-20 GF silica plates (20cmX20cmX1000 micron) and 
developed with a solution of EtOAc: hexane (50:50). Material 
comigrating with the desired product was scraped from each of the silica 

20 plates, pooled and eluted from the silica with TBME. The eluate was 
evaporated to yield the (3R,4S)-esten 360 mg, 36% yield; >99% 
enantiomeric excess; = " 7 - 5 ° ( c = 0 .133, ethanol). 
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15 



Example 5 

The general method for identifying the enzymatic resolution of 
benzyl protected racemic trans lactam methyl or trifluoroethyl esters I for 
use in generating optically enriched acid and ester is described below. 

Enzyme screening reactions were conducted using a two-phase 
system of 0.6 ml TBME with 1.0 ml of 0.1 M phosphate buffer (pH 7.0). 
Enzyme, typically 50-200 mg or 1 00-200 jiL, was added to the 
suspension followed by 14.4 mg of methyl ester. The mixture was 
agitated (350 rpm) at room temperature. Some deviations from these 
reaction conditions were evaluated as indicated in Table 3. Material 
was recovered by separating the phases by centrifugation and product 
and unreacted starting material were analyzed by chiral HPLCL 
Enzymes demonstrating selective hydrolysis of racernic trans lactam 
ester I yielding acid lib and ester lb are summarized ih fable 3. 



Table 3. Enzymatic resolution of benzyl protected racemic trans lactam 



Enzyme 


Time 
(hour) 


(3S.4R) 
lib 
ee D 


(3R.4S) 
lb 

'.: -ees.'.-. 


Conversion 


E 


Amano Lipase D 
Rhizopus delemar 


64.5 


0.71 


0.67 


0 485 


11 


Amarib Lipase FAP-15 
Rhizopus jayanicus 


44.25 


0.76 


0.49 


0.392 : 


12 


Amano Lipase MAP-10 
Mucor jayanicus 


64.5 


0.68 


0.39 


0.364 


8 


Amano Lipase N 
Rhizopus niveus 


64.5 


0:75 


0.34 


0.31 2 


10 


Interspex Bacterial 
Esterase/Lipase 
BE1 -Supported 
P. mandpcino 


44.25 


0.11 


>0 95 


0.897 


n/d 


Nagase Lipase A- 10 
R. japonicus 


44.25 


0.72 


0.73 


0.504 


13 


Novo SP 525 Lipase, 

typeB 

C. antarctica 


122 


0.77 


0.18 


0.191 


9 


Toyobo Lipoprotein 
lipase (LPL-701) 
Pseudomonas sp. 


46.5 
90* 


0.95 
0.957 


0.62 
0.486 


0.395 
0.337 


68 
74 
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oeiKagaKi Lipase 
Rhizopus delemar 


122 


0.69 


0.63 


0.478 


10 


Toyobo Lipoprotein 
Lipase 

(LPL-311)TypeA 
Pseudomonas sp. 


46.5 
90* 


0.97 
0.975 


>0.97 
0.709 


0.507 
0.421 


n/d 
165 


Kinzie & Payne 
Lipase WT 
Rhizopus sp. 


138.25 


0.72 


0.41 


0.359 


9 


Svedas Lipase 
Rhizopus oryzae 


119 


0.70 


0.73 


0.511 


12 


Sawa Lipase A- 10 
Rhizopus japonieus 


47 


0.68 


0,82 


0.547 


13 


Sawa LPL-701 
Pseudomonas sp. 


90* 


0.967 


0.467 


0.326 


93 


Boehringer-Mannheim 
Chirazyrhe™ L2, 
lipase B 

Candida antarctica ■ 


47 


0.82 


0.05 


0.060 


11 


Boehringer-Mannheim 
Chirazyme™ L4 
Pseudomonas sp. 


119 


0.94 


0.24 


0.206 


38 


Boehringer-Mannheim 

ChirayviripTW | ft 

v/i in cix.y ii it? la} 

Pseudomonas sp. 


47 

dh* : 

: yy 


0.95 
0.97 


0.77 
0.46 


0.450 
0.321 


86 
103 


Interspex 
Lipase/Esterase 
ICS-16-FL1 Fungal 
Rhizopus oryzae 


119 


0.73 


0.64 


0.465 


12 


Fluka Lipase 
Aspergillus niger 


71 


0.44 


0.43 


0.495 


■ 4 


Novo Lipdzyme IM-60 
Mucor miechei 


141.5 


0.49 


0.15 


0.235 


3 


Sigma Lipase Type XI 
Rhizopus arfhizus 


136.5 


0.75 


0.35 


0.316 


10 


* Conditions: Ester (50 rr 


ig). Enz) 


/me (50 mg), TBM 


E/Phosphate B 


uffer 



10 



» > ' /\ " • » vvy i^lilt til. 

"Conditions: Ester (19 mg), Enzyme (1 mg), Tetrahydrofuran/0.5 M 
MOPS buffer pH 7.0 (0.2/1 .0 mL) 

A similar procedure was conducted using benzyl protected 
racemic trans lactam trifluoroethyi ester I. Enzyme reactions were 
conducted using a two-phase system of 1 .0 ml TBME with 1 .0 ml of 0.1 
M phosphate buffer (pH 7.0). Approximately 50 mg of enzyme and 50 
mg of ester were added to the suspension and mixed with agitation (300 
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rpm) at room temperature for up to 186 hours. Material was recovered 
by separating the phases by eentrifugation and product and unreacted 
starting material were analyzed by chiral HPLC. Enzymes 
demonstrating selective hydrolysis of racemic trans lactam trifluoroethyl 
ester I yielding acid lib and ester lb are summarized in Table 4. 

Table 4. Enzymatic resolution of benzyl protected racemic trans lactam 



Enzyme 


Time 
hour 


(3R.4S) 
lb 
ee s 


(3S.4R) 
lib 
ee D 


Conversion 


E 


Toyobo LlP-301 
Pseudomonas sp. 


186 


0.755 


0.987 


0.433 


360 


Toyobo LPL-701 
Pseudomonas sp. 


48 


0.713 


0.774 


0.480 


16 " 


Toyobo LPL 311 
(Type A) 

Pseudomonas sp. 


48 
24 


0.994 
0.991 


0.628 
0.788 


0.613 
0.557 


23 
44 


Boehringer-Mannheim 
Chirazyme™ L6 
Pseudomonas sp 


48 


0.680 


0.796 


0.461 


18 



10 



15 



20 



Example 6 

Milligram quantities of ester lb derived from the enzymatic 
resolution of benzyl protected racemic trans lactam methyl ester were 
prepared as described below. 



(±ytrans 




3S.4R ■ 3R,4S 
Toyobo LPL-31 1 (Type A) {Pseudomonas sp.) (202 mg) was 
dissolved in 0.1 M phosphate buffer (pH 7) (8 mL) at room temperature. 
A solution of racemic methyl ester (199.5 mg, 0.46 mmol) in TBME (8 
mL) was added. The two-phase mixture was shaken at 37°C at 250 rpm 
for 187 h. The reaction mixture was acidified with 0.5 M H2SO4 (1 mL), 
diluted with water (15 mL) and placed in two centrifuge tubes. EtOAc 
(20 mL) was added to each tube and the tubes shaken, then centrifuged 
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at 3000 rpm for 0.5 h. The organic layer was removed and the 
extraction/centrifugation repeated twice. The combined organic extracts 
were evaporated and the crude product was placed on a silica gel 
column (Select© 32-63 mesh; 20 g) and eluted with 30% (300 mL) and 
5 50% (400 mL) EtOAc/heptane, collecting fractions of -20 mL, Fractions 
4-6 were combined and evaporated to yield the (3R,4S)-methyl ester 89 
mg, 44.6%; 95.1% enantiomeric excess; Mi? = -14.15° 
(c = 0.89, ethanol). Fractions 11-19 provided the (3S,4R)-acid: 39 mg, 
20.2%; 84.5% enantiomeric excess; 1°% = +14.87° 
10 (c = 0.39, ethanol). 

Example 7 

Milligram quantities of acid lla derived from the enzym^ic: < 
resolution of benzyl protected racemic trans lactam trifluoromethyl ester, 
15 followed by hydrolysis of the trifluoromethyl ester, were prepared as 
described below. 
Step 1: 

,OBn ^.OBn O ^^ OBn 




m 2 c^k^^ FaG ^ 0 Ay 




(±)-frans h 3S.4R p 3R.4S 

Toyobo LPL-311 (Type A) {Pseudomonas sp.) (365 mg) was 

20 dissolved in 0.1 M phosphate buffer (pH 7) (16 mL) at room temperature. 
A solution of racemic trifluprethyl ester (428 mg, 0.85 mmol) in TBME (16 
mL) was added. The two^phase mixture was shaken at 37°C at 250 rpm 
for 7.75 h, then stored in a refrigerator overnight. The reaction mixture 
was acidified with 0.5 M H 2 S0 4 (1 mL), diluted with water (50 mL) and 

25 placed in four centrifuge tubes. EtOAc (15 mL) was added to each tube 
and the tubes shaken, then centrifuged at 3000 rpm for 0.5 h. The 
organic layer was removed and the extraction/centrifugation repeated 
twice. The combined organic extracts were evaporated and the crude 
product was placed on a silica gel column (Selecto 32-63 mesh; 35 g) 

30 and eluted With 30% (450 mL) and 50% (600 mL) EtOAc/heptane, 
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collecting fractions of -20 mL. Fractions 5-7 were combined and 

evaporated to yield the (3R,4S)-trif1uoroethyl ester: 1 91 mg, 44.6%; 

r 1 25 

99.0% enantiomeric excess; Nd = " 9 - 31 ° (c = 1.88, ethanol). Fractions 
18-36 provided the (SS^RJ-acid: 100 mg, 27.9%; 88.3% enantiomeric 

excess; H> = +15 - 96 ° (c = 0.99, ethanol). 





LIOH 

THF/Water 6 
3R,4S 

(3R,4S)-Trifluoroethyl ester, (1 81 mg, 0.36 mmol) 0^ ia^^s 
10 dissolved in THF (4 mL) and cooled to 0°C in an ice bath, A solution of 
Li^H (52.5 mg, 1-25 mrpb!) was added and the fixture sti^ed at 0 p G for 
; h, by which time MI^LG indicated complete hydr6ly$is: The reaction 

fixture was acidified with 0.5 M H2SO4 (12 mL) and extracted with 
EtOAc (2X15 mL). The combined organic extracts were washed with 
15 safd. NaCI solution (10 mL), dried (Na2S0 4 ), filtered and evaporated: 
146 mg, 96.4%; 98.2% enantiomeric excess. 

A sample of the crude product was purified by preparative TLC 
(Analtech Uniplate Silica Gel GF; 20 X 20 cm; 1 0OOjim) eluting with 50% 

, — «|d = "16.52° ^ c _ 0 66, ethanol). 

20 ■ ■ ■ 
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WHAT IS CLAIMED IS: 



10 



15 



1 . A process for the microbiological or enzymatic hydrolytic 
resolution of a racemic frans-2-(alkoxyearbonylethyl)-laGtam of the 
formula I 



RO0C< 




(+/-)- frans- 1 -v^-^ F 
wherein R is Gi-Gy altyl;:^ and 
R 1 is hydrogen or a pr^ebtihg; group selected from the group consisting 
of benzyl, trimethyls^ and acetyl, comprising: 

adding ara^irjie -3i$i?|ft|^.^4b.- mi0'i3Wb^QLriterri# in medium, medium 
and buffer, mediurti ^nd sdl^ht; or medium and a mixture of buffer and 
solvent, or to enzymes in buffer; solvent, or a mixture thereof, to obtain 
an optically enriched compound of the formula lb or Ha 

>ok r ^ ^or 1 





-N. 




6- I 1 <? 

(3R,4S)-lb (3R,4S)Mla 
wherein R and FH aire as defined above; and 

hydrolysihg a carboxylic acid ester of formula lb to obtain a 
compound of formula lla. 



20 



2. A process of claim 1 using microorganisms for the resolution of a 
racemic trans lactam I to obtain optically enriched acid lla. 



3. A process of claim 2 wherein R is methyl. 



25 



4. A process of claim 2 wherein the microorganism is of the genera 
selected from the group consisting of Aspergillus, Bacillus, Candida, 
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Cunninghamella, Debaryomyces, Mycobacterium, Paecilomyces, 
Penicillium, Rhodobacter, Streptomyces andTrichothecium. 

5. A process of claim 4 wherein the microorganism is of the species 
5 selected from the group consisting of Aspergillus alliaceus, niger, hiyeus 

and terreus] Bacillus sphaericus; Candida parapsilosis and n/gpsa; 
Cunninghamella homothallica; Debaryomyces hansenii; 
Mycobacterium fortuitum; Paecilomyces marquandii; Periicillium ■■ 
implicatum; Rhodobacter sphaeroides; Streptomyces spectabilis;-^ ! 
1 0 Trichothecium roseum. 

6. A process of claim 1 using microorganisms for the resolution of 
a racemic trans lactam I to obtain optically ennched carboxylic acid ester 
lb, followed by hydrolysis to obtain optically enriched acid Ik. 

• 15 . . . - \ '^-^r'M'i 

7. A process of claim 6 wherein R is methyl and R 1 is benzyl. 

8. A process of claim 6 wherein the microorganism is of the 
genera selected from the group consisting of Comamonas, Curvularia; 

20 Mucor, Nocardia and Rhodococcus. 

9. A process of claim 8 wherein the microorganism is of the 
species selected from the group consisting of Comamonas testb^terohi; 
Gurvularia brachyspora and geniculata; Mucor circinelloide$aM 

25 racemcsus; Nocardia corallina; and Rhodococcus erythrbpbliSi 
rhodochrousand species. 

10. A process of claim 1 using enzymes for the resolution of benzyl 
protected racemic trans lactam I to obtain optically enriched carboxylic 

30 acid ester lb, followed by hydrolysis to obtain optically enriched acid (la, 

1 1 . A process of claim 10 wherein R is methyl or trifluoroethyl and 
R 1 is benzyl. 
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12. A process of claim 1 0 wherein the enzyme is selected from the 
group consisting of a hydrolase from Rhizopus delemar, Rhizopus 
javanieus, Mucor javanieus, Rhizopus niveus, Pseudomonas 
mandocino, Rhizopus japonicus, Candida antarctica .Pseudomonas sp., 
Rhizopus sp., Rhizopus oryzae, Aspergillus niger, Mucor miehei, and 
Rhizopus arrhizus. 

1 3. A process of claim 12 wherein the enzyme is selected from the 
group consisting of a hydrolase from a Pseudomonas species. 

14. A process for the hydrblytic resolution of a racemic trans-2- 
(alkoxycarbonylethyl)-lactam of the formula j 

-OR 1 

Rooe» 




(+/-)-f/a/7S- I 

Wherein R is C1-C7 alkyf, 2,2,2-trifluoroethyl or methoxyethoxyethyl and 
15 R1 is hydrogen or a protecting group selected from the group consisting 

of benzyl, trimethylsilyl, t^butyldirhethyisityl and acetyl, comprising: 
adding a racemic lactam I to a microorganism of the genera 

selected from the group consisting of Aspergillus, Bacillus, Candida, 

Cunninghamella, Debaryomyces, Mycobacterium, Paecilomyces, 
20 Penicillium, Rhodobacter, Streptomyces and Tnchothecium in medium, 

medium and solvent, medium and buffer, or medium and a mixture of 

buffer and solvent, to obtain an optically enriched compound of the 

formula 



o 

(3R,4S)-lla 
25 wherein R 1 is as defined above. 
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15. A process of claim 14 wherein the microorganism is 
Aspergillus alliaceus or terreus, or Candida parapsilosis. 



10 



15 



16. A process for the hydrolytic resolution of a racemic trans-2- 
(aikoxycarbonylethyl)-lactam of the formula I 




fytyirans- 1 ^ 
wherein R is CrC/ alkyl, ^^rifiuoroethyl or methoxyethoxyettiyl and 
R 1 is hydrogen or a protecting group selected from the group cdnsisting; 
of benzyl, trirtiethylsiiyi, iNh^ldimethyjsilyl and acetyl, comprising: 
adding a racemic lactam I to a microorganism of the genera 
selected from the group ^bhsj^tf nj^ of C^marnonas, Curvularia, Mudpr, 
Nocardia and Rhodococcus m medium, medium and solvent, mediuriri 
and buffer, or medium and art of buffer and solvent, to obtain an 
optically enriched compound of the formula lb 

.OR 1 




o 

(3Ri4SHb ^ "f 

wherein R and R 1 are ^ d^in^d above; and 

hydrolysing the caifebxylic acid ester of formula lb to obtain a 
compound of formula lla 

.OR 1 

HC 




■ Q 

(3R,4$Hla 
20 wherein R 1 is as defined above. 



-N. 
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1 7. A process of claim 1 6 wherein the micoorganism is Rhodococcus 
rhodochrous or species 

18. A process for the hydrolytic resolution of a racemic trans-2- 
(alkoxycarbonylethyl)-lactam of the formula I 




(+/-)-trans- 1 

wherein R is C1-C7 alkyl, 2,2,2-trifluoroethyl or methoxyethoxyethyl and 
R 1 is hydrogen or a protecting group selected from the group consisting 
of benzyl, trimethylsilyl, t-butyldimethylsilyl and acetyl, comprising: 
10 adding a racemic lactam I to an enzyme selected from tho group 

i consisting of a hydrolase of Pseudomonas species in buffer, solvent, or 
a mixture thereof, to obtain an optically enriched compound of the 
fdrmulaib 

^^OR 1 ..■ 

(3R,4S)-lb 

15 wherein R and R1 are as defined above; and 

hydrolysing the carboxylic acid ester of formula lb to obtain a 
compound of formula Ha 



o 

(3R,4S)-IJa 
wherein R 1 is as defined above. 




OR 1 
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